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Balls, cups, and quasi-potentials:
A new mathematical framework for understanding

ecosystem stability
Many ecosystems exhibit abrupt shifts between alternative stable states. For example,

a lake can rapidly transition from a healthy, diverse state to a eutrophic, algae-dominated
state, and a savanna can quickly switch from an open, grassy state to a dense, woody
state. In this talk, I describe how a concept from stochastic analysis called the quasi-
potential provides a helpful framework for studying ecological models with alternative
stable states. This framework yields predictions about the probability, frequency, dura-
tion, and dynamics of ecosystem shifts, and it provides a new way of understanding the
concept of stability in ecology. Calculating quasi-potentials requires using specialized nu-
merical techniques to find viscosity solutions of a specific class of Hamilton-Jacobi equa-
tions. I will explain how my collaborators and I have addressed these computational
challenges and made this framework accessible to ecological modelers.
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